0325.00368 
CD00059 

ANALOG SIGNAL VERIFICATION USING DIGITAL SIGNATURES 

Field of the Invention 

The present invention relates to a method and/or 
architecture for analog signal verification generally and, more 
particularly, to a method and/or architecture for analog signal 
verification using digital signatures. 

Background of the Invention 

Conventional approaches for verifying analog signals 
either (i) run a full-chip analog simulation, subsetting the analog 
blocks into smaller design blocks, or (ii) run layout versus 
schematic (LVS) simulations during final processing stages. 

Such conventional approaches have several disadvantages. 
A full-chip analog simulation is very time consuming, difficult to 
setup, and may not even be possible for large designs. For large 
designs, when applicable, smaller subsets of the design can be 
created. The design subsets can be of a manageable design size. 
The smaller design subsets generally can be fully simulated within 
an analog simulator. However, the design subset approach requires 
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extra, potentially error- inducing steps. The errors can be 
introduced in an effort to make a smaller design subset that 
includes all of the necessary functionality. Furthermore, the 
process of creating the smaller design subsets must be continually 
repeated, increasing the overall design effort. 

LVS simulations can be implemented to verify analog 
connectivity- However, LVS simulators have severe drawbacks. Any 
errors found are expensive (in terms of decision schedule) to 
correct, since LVS simulation is implemented late in the file 
l4fi verification process. LVS only verifies a layout against a 
ry schematic. If the same error is introduced in both the schematic 
and the layout, the LVS approach will not detect the error. 
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p Summary of the Invention 

□ 

15 The present invention concerns a method for modeling 

analog signals that may comprise (A) detecting one or more 
attributed analog signals and (B) modeling the attributed analog 
signals by adding a signature to each of the one or more attributed 
analog signals. 

2 0 The objects, features and advantages of the present 

invention include providing a method and/or architecture for analog 
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signal verification using digital signatures that may (i) be faster 
than analog simulation, (ii) be implemented without size 
constraints (e.g., compared to creating a subset of a design that 
may fit within an analog simulator) , (iii) be implemented without 
continually rebuilding a subset, (iv) be implemented without 
requiring analog blocks to be completely held within an easily 
defined subset, (v) be compatible with a large number of analog 
blocks and an arbitrary mix of analog and digital blocks, (vi) 
locate a connection error early in the design process and/or (vii) 
provide verification of connections in a functional manner. 

Brief Description of the Drawings 

These and other objects, features and advantages of the 

present invention will be apparent from the following detailed 

O 

15 description and the appended claims and drawings in which: 

FIG. 1 is a block diagram of a preferred embodiment of 

the present invention; and 

FIG. 2 is a flow diagram illustrating an exemplary 

operation of the present invention. 
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Detailed Description of the Preferred Embodiments 

Referring to FIG. 1, a block diagram of a circuit (or 
system) 100 is shown in accordance with a preferred embodiment of 
the present invention. The system 100 generally comprises a source 
5 block (or circuit) 102 and a digital simulator block (or circuit) 
104. The source block 102 may comprise a digital source block (or 
circuit) 106, an analog source block (or circuit) 108 and a create 
and add digital signature block (or circuit) 110. The system 100 

~ may provide analog signal verification using digital signatures . 

W 

]£a The system 100 may be implemented to provide verification of analog 

fy signals in models. The system 100 may perform multiple tests to 

l_ provide verification of the models. The system 100 may provide 

P 

Q verification of analog signals in a functional manner, decreasing 

W 

chances of a same error occurring in both a schematic and a layout 

s 

15 of a particular design. 

The digital source 106 may have an output 112 that may 
present a signal (e.g., DIGITAL). The signal DIGITAL may be 
presented to an input 114 of the digital simulator 104. The analog 
source 108 may have an output 116 that may present a signal (e.g., 
2 0 ANALOG) . The signal ANALOG may be presented to an input 118 of the 
create and add digital signature block 110. The create and add 
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digital signature block 110 may have an output 120 that may present 
a signal (e.g., AN_D) . The signal AN_D may be presented to an 
input 122 of the digital simulator 104. In one example, the signal 
AN_D may be implemented as an analog signal implemented with a 
digital signature. In another example, the signal AN_D may be 
implemented as an attributed analog signal. However, the signal 
AN_D may be implemented as another appropriate type signal in order 
to meet the criteria of a particular implementation. The digital 
simulator 104 may provide digital simulations of an analog design. 
The digital simulator 104 may provide digital simulations using 
digital signatures added to the signal ANALOG. 

Referring to FIG. 2, a block diagram of a system (or 
process) 200 illustrating an operation of the present invention is 
shown. The system 200 may be implemented to provide verification 
of analog signals. The system 200 may be implemented to provide 
connectivity verification of the analog signals. The system 200 
generally comprises a source block (or state) 202 and a destination 
block (or state) 204. The source block 202 may be configured to 
generate an analog signal attributed with a digital signature. The 
destination block 204 may be configured to determine a connectivity 
of the attributed analog signal . 
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The source block 202 generally comprises a receive block 
(or state) 204, an add block (or state) 206 and a create block (or 
state) 208. In one example, the receive block 204 may be 
implemented as a receive analog signal state, the add block 2 06 may 
be implemented as an add digital signature block and the create 
block 208 may be implemented as a create digital signature block. 
However, the receive block 204, the add block 206 and the create 
block 2 08 may each be implemented as another appropriate device or 
state in order to meet the criteria of a particular implementation. 

The receive block 2 04 may present an analog signal to the 
add digital signature block 206. The add digital signature block 
206 may add a digital signature to the analog signal. The digital 
signature may allow the system 200 to verify a connectivity of the 
analog signal. The digital signature may be generated by the 
create digital signature block 208. The digital signature block 
208 may create an unique signature for each analog signal presented 
to the add digital signature block 206. The attributed analog 
signals (e.g., the analog signals each with an added digital 
signature) may be presented to the destination block 204. 

The destination block 204 generally comprises a receive 
block (or state) 210, a verification decision block (or state) 212, 
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a processing block (or state) 214 and a disable block (or state) 
216. In one example, the receive block 210 may be implemented as 
a receive attributed signal block and the processing block 214 may 
be implemented as a continue processing block. However, the 
receive block 210 and the processing block 214 may each be 
implemented as another appropriate device or state in order to meet 
the criteria of a particular implementation. 

The receive block 210 may receive the attributed analog 
signal. The receive block 210 may present the attributed analog 
signal to the verification block 212. The verification block 212 
may attempt to verify the digital signature of the analog signal. 
The verification block 212 may verify the digital signature to 
ensure proper functionality (e.g., connectivity). If the digital 
signature indicates proper functionality, the system 200 may 
continue processing of the analog signal in the block 214. If the 
digital signature indicates non-proper functionality, the system 
200 may disable processing at the analog signal at the disable 
block 216. The verification block 212 may determine connectivity 
of the analog signal being processed. 

The system 200 may implement the digital signature to 
check for another appropriate attribute and/or parameter. The 
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appropriate attributes and/or parameters may include applicable 
digital and/or analog parameters. The system 100 (or 200) may 
implement a particular number of pulses of different widths for 
each analog signal. Each pulse width may be applicable for a 
particular parameter. For example, the digital signature may be 
implemented as a number of mult i -pulse width signals, indicating a 
required power supply, clock domain, etc. 

The unique digital signature may be provided through a 
number of implementations such as (i) a varying frequency signal, 
(ii) a pulse of different width, (iii) a series of pulses of known 
width, etc. For example, a Verilog model of an analog design (or 
block) may be used to allow connectivity of the analog pins to be 
verified in a digital simulator. 

The unique signatures may allow easier implementation of 
analog devices. Additionally, the system 100 (or 200) may allow 
ease of design overhead when implementing analog devices. The 
system 100 (or 200) may allow multiple current sources to be 
implemented to provide re-assurance that each sink is connected to 
a source signature (e.g., the unique digital signature). The 
digital signatures may be automatically generated without 
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additional user input. The digital signatures may allow a 

designer/user to verify connectivity of the analog signals. 

The system 100 may provide an approach for verifying 

correct connectivity of analog signals within a digital simulation 

environment. The actual function of the analog signals cannot 

always be modeled within the digital simulator. However, it is 

generally desirable to verify the connectivity of the analog 

signals as early as possible in the design process. The system 100 

may allow a user/designer to determine, early in the design 

^ process, connectivity of the analog signals. The system 100 may 

pj add digital signatures on analog ports. The system 50 generally 

adds a unique digital signature to each analog signal . The 

appropriate signature may be generated at a source and verified at 

a destination. The digital signature is generally output from an 
□ 

15 analog source and input to an analog destination. Such an 
implementation may allow the connectivity of the analog signals to 
be verified within a digital simulator. 

The system 100 may allow Verilog models of analog blocks 
to be created as they normally would, modeling the function either 
2 0 behaviorally or functionally. The analog blocks may be inserted 
into a full -chip (or core) netlist as in a normal design process. 
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For all analog signals that do not have a digital version (e.g., a 
current source) , a unique digital signature is generally assigned. 

Within the Verilog model, the signature is either generated or 
verified, depending on whether the digital signature is a source or 
a sink of the analog signal. In cases where the analog signal is 
a sink, if the expected signature is not received, then the 
function of the modeled analog block is disabled. 

Where the analog signal is an output, the digital 
signature may be created within an analog model for a particular 
block. Where the analog signal is an input, the digital signature 
may be verified to ensure the connectivity is as expected. If the 
signal is not as expected, the function of the analog modeled block 
is generally disabled. The disabled analog modeled block may be 
easily detected in the digital simulator. 

The system 100 may add an unique digital signature to an 
analog pin within a Verilog model of an analog block. The digital 
signature may allow a connectivity of the analog pin to be verified 
in a digital simulator. The system 100 may allow a non-analog 
savvy engineer to easily implement analog blocks. 

The system 100 may be implemented to verify the 
connectivity and correctness of analog circuitry within a complex 
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logic design. The system 100 may create an unique digital 
signature for each unique analog source and add code to a model of 
an analog block to cause the unique signature to be generated 
within a digital simulator. The added code may be implemented to 
allow the digital simulator to detect and verify the unique digital 
signature. The system 100 may allow a digital simulator to verify 
a correct connectivity of an analog signal within a digital 
simulator. The system 100 may allow a digital simulator to verify 
that a number of analog signals have been correctly connected. 

The system 100 may reduce errors related to integration 
of analog intellectual property (IP) . The system 10 0 may allow 
ease of analog IP implementation. The value of the system 100 may 
grow as more analog IP is reused and the original designers are not 
as involved. Furthermore, the system 100 may be implemented for 
electronic design automation (EDA) tool companies. 

The system 100 (or 200) may be faster than analog 
simulation. The system 100 may have no size constraints (e.g., 
compared to creating a subset of the design that may be required to 
fit within an analog simulator) . The system 100 may not be 
required to continually rebuild an analog subset. The system 100 
may not require the analog blocks (e.g., devices) to be completely 



0325.00368 
CD00059 

held within an easily defined subset. The system 100 may be 
compatible with a large number of analog blocks and an arbitrary 
mix of analog and digital blocks. 

Additionally, the system 100 may determine connection 
errors at an earlier processing time saving valuable resources. 
The system 100 may verify the analog connections in a functional 
manner, decreasing the chances of a same error occurring in both 
the schematic and the layout of the device. 

The following is an example of Verilog source files that 
may be used to implement the present invention: 

// Analog signature pulse generator for use with test_sig.v 

module gen_sig (signature) ; 

output signature; 

reg signature; 

parameter ref_num = 0; 

initial begin 

signature = 0; 

#(ref_num + 100) signature = ! signature; 
$display ("signature %0d high, %t", ref_num, $time) ; 
#(ref_num * 2 + 200) signature = ! signature; 
$display ( "signature %0d low, %t", ref_num, $time) ; 

end 

endmodule 
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// Analog signature pulse checker for use with gen_sig.v 

module test_sig (signature, error) ; 

input signature; 

output error; 

reg error; 

parameter ref_num = 0; 

integer edge_det; 

initial begin 

error = 0; 

edge_det = 0; 

$display ( "Initialize current source checker %0d", ref_num) ; 

end 

always ©(signature) begin 

$display ("Test Signature %0d, = %b", ref_num, signature); 

end 

initial begin : CHECK 
#50; 

©(posedge signature) begin 
edge_det = 1; 

#(ref_num * 2 + 200) if ( ! signature ) begin 

$display ("ERROR: on current source %0d signature low, 
expected high : ERROR", ref_num) ; 
error = 1; 

end 

#1 if ( signature ) begin 
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$display ("ERROR; on current source %0d signature high 
expected low : ERROR", ref_num) ; 
error = 1; 

end 

if (I error) 

$display ("VERIFIED: Current source %0d signature 
:VERIFIED, %t", ref_num, $time) ; 
disable EDGE_DET; 

end 

end 

initial begin : EDGE_DET 

#(ref_num + 150) if (!edge_det) begin 

$display( "ERROR: Signature check END on %0d, NO SIGNATURE 
DETECTED : ERROR", ref_num) ; 

disable CHECK; 

end 

end 

endmodule 

The function performed by the flow diagram of FIG. 2 may 
be implemented using a conventional general purpose digital 
computer programmed according to the teachings of the present 
specification, as will be apparent to those skilled in the relevant 
art(s). Appropriate software coding can readily be prepared by 
skilled programmers based on the teachings of the present 
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disclosure, as will also be apparent to those skilled in the 
relevant art (s) . 

The present invention may also be implemented by the 
preparation of ASICs, FPGAs, or by interconnecting an appropriate 
5 network of conventional component circuits, as is described herein, 
modifications of which will be readily apparent to those skilled in 
the art (s) . 

The present invention thus may also include a computer 

o 

™ product which may be a storage medium including instructions which 

y s 

U 

Hp can be used to program a computer to perform a process in 
nJ accordance with the present invention. The storage medium can 

" include, but is not limited to, any type of disk including floppy 

□ 
CO ' 

disk, optical disk, CD-ROM, and magneto-optical disks, ROMs, RAMs, 

W 

□ EPROMs, EEPROMs, Flash memory, magnetic or optical cards, or any 

o 

15 type of media suitable for storing electronic instructions. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 
in form and details may be made without departing from the spirit 

2 0 and scope of the invention. 
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